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Abstract 
The pot experiment grown with cabbage was conducted. The initial soil and six incubated soils with different total Cd 
(0.25, 0.78, 1.3, 3.18, 5.34 and 7.11 mg Cd/kg soil) were used in the pot experiment. The present study was to 
examine cadmium (Cd) accumulation in edible parts of cabbage and its correlation with Cd concentrations in cabbage 
garden soil, and evaluate the bioavailability and toxicity of Cd accumulating in cabbage by a human intestinal cell 
culture model (Caco-2). The results showed that Cd accumulation of cabbage was linearly correlated with Cd 
concentration in grown soils. Cd uptake of Caco-2 cells increased gradually with increasing level of Cd accumulation 
in cabbage. MTT assay investigation suggested that viability of the Caco-2 cells reduced with Cd accumulation in 
cabbage. In comparison with the control group, the activities of superoxide dismutase (SOD) and glutathione 
peroxidase (GSH-Px) in the experiment groups decreased as treated with Cd contaminated cabbages, and there was 
significant difference in partial groups (p < 0.05). At levels of 47.69 mg Cd kg-1 accumulated in cabbage, the value 
of T-AOC of cells decreased significantly (p < 0.05), while the content of MDA in cells was significantly higher than 
that in other groups. The results suggested that Cd concentrations in the edible parts of test cabbage crops were 
linearly responded to the Cd levels in the growth soil, and toxicological effect of Cd to Caco-2 cells aggravated 
gradually with Cd accumulation increased in cabbage.  
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1. Introduction 
Cadmium (Cd) is hazardous to life and has been involved in historic poisoning episodes of human and 
animal populations, as known for its severe damage to many organs including liver, kidney, intestinal 
tract, lung, testis, and placenta [1]. Because of industrial waste and the widespread use of phosphates and 
sewage sludge fertilizers, Cd has become ubiquitous in the biosphere and enters the food chain. Cd in 
soils is readily taken up by plants and not phytotoxic at concentration in crops that can significantly 
increase human exposure [2]. In a previous study, it has been reported that vegetable foods contribute 
≥70% of Cd intake in humans [3]. Up to now, Cd accumulation in vegetable crops, especially in foliar 
vegetable crops is still not informed. In this study, we used Caco-2 cell monolayers grown on a porous 
membrane support since this model allowed us to study uptake and toxicity of Cd accumulation in 
cabbages. 
2. Materials and Methods 
Before the pot experiment, the topsoil (0-20 cm) of a vegetable garden soil, collected from the suburb 
of Luoyang City, Henan Province of China, the variables of physico-chemical in soil were shown in 
Table 1. The initial soil was incubated with different doses of Cd added as Cd(NO3)2 under the 
appropriate soil moisture content for 6 weeks. After 6- week incubation, the incubated soils were air-dried, 
and total amount of Cd in the soils were determined by Flame Atomic Absorption Spectrometry (data in 
Table 2).  
Table 1 Variable of initial soil. 
Soil variable  Initial soil 
Total cadmium (mg·kg-1) 0.25 
Organic matter (mg·kg-1) 46.82 
pH (H2O) 6.74 
CEC (cmol·kg-1) 13.42 
Hydrolyzable N (mg·kg-1) 90.21 
Available P (mg·kg-1) 17.12 
Table 2 Total Cd content of soils, and accumulation values of Cd in cabbage with Cd treatments (mg·kg-1). 
Number Added Cd levels Total Cd in soil Cd in cabbage 
A 0 0.25 ± 0.07g 1.10±0.12g 
B 0.5 0.78 ± 0.03f 5.70±0.18f 
C 1.0 1.30 ± 0.07e 7.95±0.03e 
D 3.0 3.18 ± 0.22d 14.79±1.25d 
E 5.0 5.34 ± 0.27c 17.25±0.62c 
F 7.0 7.11 ± 0.33 b 30.75±0.91b 
G 15.0 15.41 ± 1.86a 47.69±0.93a 
Different letters indicate a significant difference (p < 0.05) according to Post – Hoc comparison (LSD – test). 
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Seeds of cabbage were germinated on wetted filter paper for two days in the dark (25 ). The ℃
germinated seeds were sowed on quartz sand with Cd free nutrient solution for preparing seedlings. 
Seedlings of equal length were selected and transplanted into each pot. Plants were harvested after 5 
weeks of growth and concentration of Cd in cabbage was determined.  
Cabbage samples per treatment were dried in glass dishes in a hot air oven at 50 ± 5 . The samples ℃
were finely powdered and collected to evaluating biological effects of Cd using human colon carcinoma 
cells (Caco-2). 
3. Results 
The results of Cd uptake of Caco-2 cells tests with cabbage samples of pot experiment were shown in 
Figure 1. Cd uptake values of Caco-2 cells treated with control cabbage (planted in initial soil) were 
0.51µg of Cd / g of cell protein. The intracellular Cd content from Caco-2 cells treated with Cd 
contaiminated cabbage was significantly higher than that from control cabbage, exhibiting intracellular Cd 
levels 1.2~18.6 fold of the control.  
To assess Caco-2 cell viability, MTT absorption of cell monolayers exposed to digested cabbage 
solutions which Cd concentrations ranging from 1.1 to 47.69 mg·kg-1 (see Table 2) was evaluated. The 
MTT value of Caco-2 cells decreased with increasing Cd accumulation. Cabbage digestion with 5.7 
mg·kg-1 of Cd had no significantly effect on MTT, compared to control Caco-2 cell monolayers (Figure 
2). However, when cabbage Cd content was equal to or higher than 7.95 mg kg-1, it had significant effect 
on MTT assay value of Caco-2 cell monolayers. 
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Figure 1. Cd uptake of Caco-2 cells after incubation with different levels of Cd accumulation in cabbages. NA. Not analyze 
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Figure 2. Cell viability (MTT assay) of Caco-2 cells after incubation with different levels of Cd accumulation in cabbages.  
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There was no significant difference in SOD activities between cells treated with cabbage contained 5.7 
mg Cd kg-1 and that contained 1.10 mg Cd kg-1(Table 3). When Cd levels ≥7.95 mg·kg-1 in cabbage, 
significantly lower SOD activities were found in Cd treated cells than that in the control. The GSH-Px 
activities of Caco-2 cells were found significantly decreased with rising Cd accumulation level in cabbage. 
Slight lower T-AOC values were found in the Cd accumulation cabbage treated cells than in the control 
cabbage treated. MDA concentration of cells treated with Cd accumulation cabbages significantly higher 
than that treated with control cabbage. 
Table 3 Effects of cabbages Cd on antioxidant capacity of Caco-2 cells#  
SOD GSH-Px T-AOC MDA 
Number 
U / mg protein nmol / mg protein 
A 270.1 ± 8.6a 464.9 ± 26.9a 8.9 ± 0.1a 3.9 ± 0.3c 
B 241.1 ± 38.2ab 195.5 ± 26.1b 8.4 ± 1.8a 10.8 ± 0.3b 
C 200.1 ± 12.1bc 211.5 ± 16.3b 8.3 ± 2.2a 10.3 ± 2.0b 
D 163.8 ± 35.9c 167.1 ± 65.9b 8.4 ± 1.6a 11.2 ± 0.7b 
E 111.9 ± 31.6d NA 8.3 ± 0.4a 11.1 ± 1.2b 
F 105.8 ± 20.1d 170.1 ± 138.2b 8.2 ± 0.2a 11.4 ± 0.6b 
G 61.8 ± 13.6d 96.3 ± 54.7c 3.0 ± 1.0b 14.2 ± 2.1a 
Different letters indicate a significant difference (p < 0.05) according to Post – Hoc comparison (LSD – test). NA. Not analyze. 
4. Discussion 
Plants and vegetables may absorb significant levels of Cd from contaminated soils [4]. Thus, Cd may 
enter the food chain and food is the main exposure source for human. In this study, we demonstrated that 
a linear relationship between Cd in cabbage and Cd in soil, and intracellular Cd concentration in Caco-2 
cells increased gradually with the increasing of Cd accumulation in cabbage. This accumulation was 
related to MT level in Caco-2 cells: intracellular MT was able to bind all the Cd entering the cell. It was 
well established that oral administration of Cd induces MT synthesis in the small-intestinal mucosa [5]. In 
the intestine, intracellular binding of Cd may prevent its release into circulation and favour its elimination, 
as the mucosal cells are eventually sloughed off into the lumen at the top of the microvilli. When ingested 
orally, Cd is characterized by a low rate of transfer from the lumen into the body and by a high cadmium 
accumulation within the intestinal mucosa [6]. However, this mechanism works best at low dietary Cd, 
since high amounts of Cd disrupt junctional complexes and can enter the enteric circulation via the 
paracellular pathway [7]. 
The intracellular Cd accumulation was directly correlated with its toxicity. In this study, the result of 
MTT assay indicated that at accumulation levels of Cd in cabbage ≥ 7.95 mg kg-1 had strong effect on 
decreasing Caco-2 cell viability, which was similar to previous reports [8]. MTT assay is an important 
measuring of cellular toxicity in immunology, and was firstly used in cellular immunology by Mosmann 
[9]. MTT can reflect the sensitivity of live cells to extrinsic stimulation; therefore, it also has an important 
value to assess cell viability.   
 Intracellular free Cd could initiate lipid peroxidation of membranes, and produced malondial dehyde 
(MDA) to inactivate many kinds of enzymes and lead to cell injury [10]. The results of enzyme activity 
assay also indicated that with increasing Cd level, the intracellular Cd could consume antioxidative 
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enzymes, e.g., SOD and GSH-Px. It was reported that oral Cd supplementation decreased the activity of 
GSH-Px in rat colon mucosa [11]. In the NRK rat cell which had been exposed to Cd (CdCl2) up to 40 
µmol L-1 for 24h, a decrease in SOD activity was observed [12]. In this study, we found that the Cd-
accumulation cabbage treated cells used intrinsic SOD to rid free superoxide negative ion as Cd 
accumulation levels increased from low to high, which might cause the increasing catalase level with Cd 
concentration in the medium decreased, thereby depleting GSH-Px .  
In conclusion, we found that Cd concentrations in the edible parts of test cabbage crops were linearly 
responded to the Cd levels in the growth soil, and that uptake and toxicological effects of Cd to Caco-2 
cells are enhanced gradually with Cd accumulation levels increasing in cabbage.  
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